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Introduction 
 
Prostate cancer (PCa) is the most frequently diagnosed and second leading cause of cancer death in 
men in the United States(1).  The activity of the androgen receptor (AR) is critical for the development 
and progression of PCa, and as such is the therapeutic target of disseminated disease(2).  AR drives 
cell cycle progression, at least in part, by regulating mTOR-dependent translation of cyclin D1, which 
is a critical facet of the G1-S transition machinery(3).  Work from our lab and others have determined 
that cyclin D1 can serve as a negative feedback regulator of AR by directly binding to the receptor 
and inhibiting its transcriptional activity(4,5,6).  The purpose of the proposed studies was to determine 
the effects of commonly used therapeutics (ionizing radiation, IR; docetaxel, DCTX) on the 
expression of cyclin D1 protein and subsequent AR regulation, as well as to determine the in vivo 
consequence of disruption of the ability of cyclin D1 to impinge upon AR signaling.   
 
Body 
Statement of work 
Task 1: Determine the contribution of cyclin D1 down-regulation on response to IR and DCTX.  
(months 1-12). 
A. Determine what residues contribute to cyclin D1 degradation in response to treatment 
(Months 1-6). 
As demonstrated in our first annual report, threonine 286 is dispensable for cyclin D1 degradation in 
response to DCTX while leucine 32 is required.   
  
B. Examine the effect of cyclin D1 status on response to therapies with regard to AR activity, 
cell proliferation/survival 
(months 6-12).  
As demonstrated in our first annual report, IR and DCTX treatment of PCa cells corresponded with 
increased levels of prostate specific antigen (PSA) mRNA, which is a direct AR target gene that is 
frequently used in the diagnosis and management of PCa.  Additionally, it was determined that cells  
deficient in cyclin D1 as achieved through RNAi technology also corresponds to increased levels of 
PSA transcript.  New data presented in Figure 1 demonstrate that upon treatment of either LNCaP or 
C4-2 cells expressing either wild type or mutant (L32A) cyclin D1 with DCTX, there is no discernable 
difference in cell cycle profiles, regardless of cyclin D1 allele present.   
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Correspondingly, upon knockdown of cyclin D1 in LNCaP cells and subsequent treatment with DCTX, 
there is no difference in cell number over time, regardless of cyclin D1 status, as shown in Figure 2.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To examine the comparative effects of the residues of cyclin D1 found to be differentially required for 
DCTX-induced degration, a similar experiment was performed in both LNCaP and C4-2 cells, and 
relative cell cycle distribution was determined, as well as cell death as measured by sub-G1 DNA 
content.  As shown in Figure 3, DCTX resulted in alterations of cell cycle in cells expressing both 
alleles.  However, there was no statistical difference in the DCTX treated cells regardless of cyclin D1 
allele expressed (T286A, which was degraded in response to DCTX, or L32A, which was refractory to 
DCTX-induced degradation).  Together, these data demonstrate that cyclin D1 degradation induced 
by DCTX does not effect the biological effects of these agents in LNCaP or C4-2 cells.  Currently, we 
investigating the effect of cyclin D1 status on the biological effect of IR.  
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Task 2: Dissect the in vivo consequence of PCa therapeutics on cyclin D1 and AR 
(months 18-36). 
A. Examine the expression of degradation-resistant and –proficient alleles of cyclin D1 in 
xenograft model  
(months 18-21) 
B. Randomize mice in 6 groups: intact/untreated group, intact/IR treated, intact/DCTX treated, 
castrated/untreated, castrated/IR treated and castrated/DCTX treated.  Measure tumor volume 
with time in mice from untreated groups  
(months 21-22) 
C. Measure tumor volume in treated groups and monitor AR activity (serum PSA) 
(months 21-22) 
D. Excise tumors at the end of the experiment and determine Ki-67 indices, apoptotic indices 
(TUNEL) and cyclin D1 levels 
(months 22-36). 
As demonstrated in the new data reported under task 1 that cyclin D1 status had no effect on cancer 
cell biology in vitro, the DCTX arms of this study have not yet been initiated.  An as the determination 
of the effect of cyclin D1 status on the biological effect of IR is currently being investigated, the IR 
arms of this study also have not been initiated.  However, as this report is for months 12-24, we still 
anticipate achieving our goals prior to month 36, as was set forth in the SOW.   
 
Task 3: Determine the cooperation of the cyclin D1 AR-repressive function (RD) with cytotoxic 
agents.  
(months 6-18)  
A. Introduce RD into cell systems of clinical relevance, treat with IR and/or DCTX 
(months 6-18) 
B. Examine effect on AR activity, cell proliferation/survival  
(months 6-18) 
Prior to initiation of these studies, we sought to compare full-length cyclin D1 and RD (cyclin D1 
repressor domain) with regard to PCa cell model cytotoxicity.  As demonstrated in Figure 4, while RD 
results in decreased cell number over time, indicative of cytotoxicity, full length cyclin D1 
demonstrates a merely cytostatic phenotype.  Based on this, we are currently determining if the 
cytotoxic effects of RD add to the effects of cytotoxic agents.   
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Task 4: Determine the in vivo consequence of cyclin D1-mediated AR regulation in the 
prostate  
(months 1-36) 
A. Generate knock-in mice (3xFLAG-tagged full-length cyclin D1 and cyclin D1-ΔRD). 
(months 1-17) 
As described in our previous report, these mice have been generated.  Currently, we are endeavoring 
to breed out the ES cell selective Neomycin cassette, and increase our colony number. 
B. Examine the effect of cyclin D1 on AR signaling in the prostate (months 17-36). 
Ongoing and contingent upon removal of selective cassette. 
 
Training program 
Task1: Didactic coursework and laboratory research 
A.  Didactic coursework->completed 
B.  Laboratory research (months 1-36)->ongoing 
 
Task 2: Lab meetings 
Weekly (months 1-36)->ongoing 
 
Task 3: Joint lab meetings 
Bi-weekly (months 1-36)-> ongoing 
 
Task 4: Paper of the day 
Participate daily.  Present bi-weekly (months 1-36) -> ongoing 
 
Task 5: Prostate Cancer Translational Research Seminar Series 
Once monthly (months 1-36) -> ongoing 
 
Task 6: Journal club 
Weekly participation.  Presentation once per academic quarter (months 1-36) -> ongoing 
 
Task 7: Conferences 
A.  Attend Keystone Symposia on Nuclear Receptors and present research.  Completed 
B.  Attend annual AACR conference and present research. Completed 
C.  Attend other meeting of prostate cancer relevance and present research (months 12-36) -> 
ongoing 
 
Task 8:  Other 
A.  Continued interaction with researchers and clinicians (months 1-36) -> ongoing 
B.  Attend seminars at Kimmel Cancer Center at Thomas Jefferson University that occur 
multiple times per week (months 1-36) -> ongoing 
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Key research accomplishments: 
 
-cyclin D1 status is not a determinant of the effects of docetaxel in LNCaP cell models 
 
-full-length cyclin D1 elicits cytostatic effects, while RD alone elicits cytotoxic effects in PCa cell 
models 
 
Reportable outcomes 
 
Abstracts have been submitted to multiple meetings and accepted for poster presentations: 
AACR Advances in Prostate Cancer Research (for which I received a travel scholarship), Keystone 
Symposia:  Nuclear Receptor Matrix:  Reloaded (for which I received a travel scholarship, and the 
FASEB Research Conference:  Integration of Genomic & Non-Genomic Steroid Receptor Actions. 
 
Conclusion 
 
Prostate cancer management remains a serious health concern, and understanding the mechanisms 
of both therapeutic efficacy and bypass are of great importance.  Studies completed this far 
demonstrate that the in vivo biological effects of docetaxel are not dependent upon cyclin D1 status, 
despite the observation that there is an apparent increase in AR transcriptional activity.  Ongoing 
studies will determine if this holds true for ionizing radiation, determine whether a portion of cyclin D1 
(RD) can cooperate with these therapeutic modalities, and examine the role of RD in vivo, both as a 
means to suppress AR function therapeutically as well the role RD plays in murine prostate biology.      
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